Formation of large oligomers of DOPAL-modified α-synuclein is modulated by the oxidation of methionine residues located at C-terminal domain.
The formation of neurotoxic oligomers of the presynaptic protein α-Synuclein (aSyn) is suggested to be associated with Parkinson's disease neurodegeneration. In this respect, it was demonstrated that the aldehyde 3,4-dihydroxyphenylacetaldehyde (DOPAL), a product from the enzymatic oxidation of dopamine, is capable of stabilizing potentially toxic aSyn oligomers via formation of covalent adducts with Lys residues of the protein. In addition, DOPAL-induced production of reactive oxygen species (ROS) leads to the oxidation of aSyn's Met residues to Met-sulfoxide. Recently, our group pointed out that the pre-oxidation of all-four Met residues of aSyn, upon treatment with H2O2, decreases the formation of large aSyn-DOPAL oligomers, which are suggested to be more toxic to neurons than the corresponding small oligomers (Carmo-Gonçalves et al., Biochem. Biophys. Res. Comm. 505, 295-301. 2018). By using a series of Met to Val mutants of aSyn, we demonstrated that the ability of aSyn to scavenge ROS/H2O2 generated from DOPAL oxidation is primarily dependent on Met residues located at the C-terminal domain of the protein, which contrasts with the reactivity of aSyn against H2O2 itself in which N-terminal Met residues (notably Met5) were more readily oxidized. Interestingly, the substitution of C-terminal Met residues (particularly Met127) by Val increased the formation of DOPAL-induced large oligomers in comparison with the wild-type protein. In this context, we demonstrated that the hydrophobicity of aSyn monomer, which is affected distinctively by the oxidation of N- versus C-terminal methionines, is correlated with the formation of large (but not small) oligomers of aSyn mediated by DOPAL.